Field measurements were carried out to calculate the threshold friction velocity for snow saltation, and mass fluxes during snow drift. The wind was measured in three components by an ultrasonic anemometer, and the mass fluxes were determined using an optical sensor ('snow particle counter'), acoustic sensors ('Flowcapt') and mechanical traps. The threshold friction velocity was found to be correlated to the grain size (R 2 ¼ 0:75). The mass flux measurements were compared with numerical simulations of snow drift, and it was demonstrated that the maximum snow transport takes place at shear stress values of roughly two times the average shear stress over 20 min. By implementing a probability distribution for the shear stress the mass flux was simulated with only the mean measured value of the shear stress as input. This procedure enables the future use of the numerical model for operational applications.
Introduction
Wind transport of snow has a major impact on the seasonal mass balance in Arctic and Antarctic areas. In Alpine terrain, the redistribution of snow by the wind is also of crucial importance for avalanche formation, and is strongly linked with the growth of vegetation. For these reasons, much work has been done in recent years to improve knowledge on this subject. Also sand drift has been investigated intensively, in particular in the field of sand saltation.
Many studies focus on numerical simulations of the physical processes (Anderson and Haff, 1991; McEwan and Willets, 1991; Naaim et al., 1998; Shao and Li, 1999; Doorschot and Lehning, 2002) . Measurements of sand and snow drift have recently mainly been carried out in wind tunnels (Nalpanis et al., 1993; Nishimura et al., 1998; Nishimura and Hunt, 2000) . Although these experiments are extremely valuable for testing and improving existing models, additional field measurements are needed for evaluating numerical models used for simulating snow (or sand) drift in real atmospheric turbulence. However, not many quantitative measurements from Alpine sites are available so far. (2001) showed results from a sensor working on the same principle.
A major problem for field measurements, however, is the fact that an extensive test of the different types of sensors is needed, before the results of such measurements can be interpreted quantitatively. It should be emphasised that measuring snow drift in the outdoors may be highly complicated by disturbing influences such as low temperatures, high humidity and riming. Furthermore, high concentrations of snow may produce saturation effects in the measurements, or even complete blocking of the sensors.
A sensor evaluation was presented in Lehning et al. (2002), for windtunnel measurements (at CSTB, Nantes) using two types of acoustic sensors and one optic sensor. The sensor output was compared with mechanical traps, wind measurements and model simulations. For these measurements the optical sensor ('snow particle counter') showed good agreement with the measurements using the mechanical traps, and with the simulation results. For the acoustic sensors it is concluded that they are robust and measure autonomously, and may therefore be suitable for operational measurements in remote areas, for the benefit of avalanche warning. However, they still show some problems with the calibration, and may therefore in the current state of development not yet be suitable for research applications. The measurement techniques used for the experiments presented in this paper are based on the results of this test.
Our purpose is to evaluate a recently developed snow-drift model with field measurements; the model deals with the processes of saltation and suspension. The measurements also involve the determination of the threshold shear stress required for snow drift, since this is an important input parameter for the simulations. The numerical saltation model was presented in Doorschot and Lehning (2002) , and was developed for future use in simulations of snow-height distributions in complex terrain, as well as for operational applications, such as the computation of a 'snow-drift index' for use in avalanche warnings (Lehning et al., 2002b) . This snow-drift index predicts the (dimensionless) order of magnitude of the process of snow drift for given wind and snow circumstances. For such operational applications, wind data are often available only in half-hour averages. Therefore the question arises whether snow-drift simulations can be accurately performed with such data, and associated with that, which timescale is important for the
